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Flexible Vehicle Concepts and Vehicle Production

Vehicle Architectures Integration of Functions

= Modular, flexible, customizable

» Package, comfort, safety and
economic efficiency
= New production concepts

and lightweight vehicle structures

e » New approaches to integration
T -'.'- : » |ntegration of sensors, actuators

in automotive components
3 = Weight reduction

o= " Conservation of resources

Production and Process Engineering Life Cycle Engineering, Production Management

~ = Production of hybrid components
¢ £ — - Flexible and economical process
chains

» Process and automation
technology for battery production

= Hybrid lightweight components

» Methods and tools
Economy & ecology
Life Cycle Lab
Logistics concepts
Recycling

» Production of battery cells and

Research Factory Open Hybrid LabFactory Research Factory - Battery LabFactory 'Research Factory - Battery LabFactory BS

suitable for mass production
= Design of hybrid components
= Sustainable fiber production
» Production process, recycling

A

systems; diagnosis
* Modeling & simulation
» Material production,
conditioning, recycling
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Actual Situation!

150
Propulsion F“

Electrics Main Topics
Integration of Functions
Interior 3 Body Materials and Joining
15% \ Weight Cost Optimization
40%
/

\'\ 24'}4 Chassis M
140 - X
- Weight Ratio of an Cradient
\.? Automobile (today) - x Kg/a
o~ 130 ca. +10 kg/a
= Gradient g
= ca. +20 kg/a Golf V
O 1201 za. 1200kg Target:
o bis 140 kW Reversal
; 4149 x 1735 x 1439 of the
110 Weight Spiral
100 ISF:EAI5III'AI1-1IE'[LJ::EA'.IH.mm} | |
1975 1980 1985 1990 1995 2000 2005 2010 2015

Build Year

Source: Volkswagen AG

18.10.2017 Klaus Dilger, Open Hybrid LabFactory 5

[.][:] OPEN HYBRID
LABFACTORY

Der LeichtbauCampus.




New Materials!
8000
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2000
/ / Steel T
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_—
Aluminium
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Young’'s Modulus [GPa] Source: Skript WT I
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...Cost Efficency?

S
i 1f sl

Source: Volkswagen AG
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Production Process!

Source: BMW AG
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Solution: Hybrid Components!

Prepreg Stack Hybrid component

= =

Climatic chamber

Unwinding Cutting Stacking Calendering Pressing

Source: K.-H. Sauerland, Bad Nauheim 2014
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Technologies?
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adhesively
bonded

-
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-
-
-
o

adhesive
layer

* Main development goals
—Weight reduction
—Reasonable lightweight specific overcosts
—Standardized OEM process chains (e.g. e-coat)

Source: K.-H. Sauerland, Bad Nauheim 2014
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Benefits!

= GFRP project
— Weight saving per reinforcement: ~55%

— Lightweight specific overcosts: ~ 8€/kg

= CFRP project
— Weight saving per reinforcement:. ~55-60%

metal 2> FRP — Lightweight specific overcosts: ~ 25-30€/kg %

Source: K.-H. Sauerland, Bad Nauheim 2014
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40 % Weight Reduction, 20 % Cost Reduction!

Source: Malek, Light Weight Design, 01/12
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Hybrid Molding!

Source: Tower Automotive, Light Weight Design, 09/12

Source: ILK Dresden
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Hybrid Metal Design!

Source: VarioStruct
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Joining/Iinterfaces!

TP-FRP semi-finished product with
modified surface

Coated metal surface

omposite component

Source: Klemt, Kurz, Becke, Bad Nauheim 2014
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Joining/Interfaces!

Barrier layer modified
TP-FRP-semi-finished
products
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Adhesive Lamination Filmstacking Melt
Glass fibre roving | |
FA6 matrix
Modified PA6 M Bond strength o, befor KTL M Bond strength o, after KTL
matrix

(Barrier layer)

Source: Klemt, Kurz, Becke, Bad Nauheim 2014
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Surface Conditions of FRP

Release Agents

000 0 O O &

DOOOOOG ™ Aot
OOOTO O | OO0

Untreated Surface Grinded Surface

Possible Crack
ormation

QQ@O@QE)/ 9090000
OOOCOO0O OO OO

Peel-Ply Target of Lasertreatment

Source: ifs, TUBS
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Surface Pretreatment

Challenge:

» Release Agents on the Surface of FRP-Parts
State of the Art:

=  Manual Grinding

Disadvantages:

= No Automization

= High Process Costs

= Additional Material

= Drying after Pretreatment (Wet Grinding)

= No Selective Removal

Peel-Ply

Need for Alternative Pretreatments:
» Good Reproducability

» Possibility of Selective Removal
= No Additional Process Steps

Grinded Surface

Source: ifs, TUBS
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Wetting

Contact Angle

0 (cleaned) 94,1 81,4
3,5 18,5 25,7
11,4 14,1 20,5
22,8 3,3 5,6
67,2 - i,

Wetting
| — ——
Contact Angle 6 18° ... 25° 3°...6° 0°
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HX340-PA 6

HX340-PA 6-GF

Adhesion
1,4 kJ/mm?

3,5 kd/mm?

11,4 kJ/mm?

67,2 kd/mm?
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Alternative Surfaces

200 mlercae

Source: TWI, Cambridge

Source: ISF, Aachen
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Hybrids / Joining

Oerx = 0 * 1/K

a, =23 * 10 1/K

Source: BMW AG
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Stresses Due to Thermal Expansion Mismatch

stress [kN]
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Source: Morley, Schmatloch, Dow, Fliigen im Automobilbau, 2015
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Light Weight Design

IDEEN
INNOVATION
WACHSTUM

Die Hightech-Strategie fir Deutschland

CO,-

Reduction ;:y_\
- Democratic

ﬁ Sustainabillt>

il |llf|i “lwilj Employment
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Open Hybrid [_abFactory
Concept HENN

i

"'.r":l:

Open Hybrid
LabFactory

MNIEDE R3A SLHE
FORECHUNGSZEN TR
FAHRIELUGTECHRIK
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Open Hybrid LabFactory

Building

Parcel of Land: 10.000 m?

Floor Space: 9.400 m?

Storey height: 14 meters (LabFactory) and meters(Labs)
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Open Hybrid Factory
Open Hybrid LabFactory

Open = [ntegration of the expertise of scientific and industrial research in
an ,open factory”

Hybrid = ,Democratized” lightweight construction by the use of hybrid
composite structures made of plastics, metal and load-path-optimised
textile structures

Factory = Establishment of the world' s leading technology companies and top
level research along the process chain in Wolfsburg
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Open Hybrid LabFactory e.V.
Members

12 Premium- und 16 Project Members
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Open Hybrid LabFactory

Future Material Concepts

Optimized
Light
Weight
Design

Structur

Quelle: SLC

ulti Material Optimized Fibre

iX reinforced plastic
Carbon- ‘

designs
ibre reinforce i AlUMIRILIM AIurﬁ

plastics 4 Steel

day

A" 4 - Source: Volkswagen AG

S

Small volume dle volume
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Open Hybrid [_abFactory
Strategic Approach to a Large-Scale Production

Fibre and fibre
semi-finished
material

Plastics

v
5
P
D

(@)

opmic efficienc

Economic efficiency

Capability of
large-scale production

Capability of 4
large-scale producyn/

Potential for
light weight @9 low 6 high

construction
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Open Hybrid [_abFactory
Research focus

Concept/ Construction/ Load-path-optimised

Simulation Textile Structures AR a7 n U

Process Development for Hybrid
Lightweight Components

Technologies

Production

Desgin, Engineering, Low-cost Automotive One Cycle — One Component
Construction, Optimization of C-Fiber in Germany
Hybrid Lightweight Components Suitable for Large-Scale
Energy Efficiency Production

Component and Process
Simulation Renewable Energies

Process-Compatible

Volkswagen AG
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Facilities of OHLF

2.500 t Hybrid- 3.600 t Hybrid- Multiaxialgelege- Webmaschine Oberflachan m:dlflneru ng Hytridprafil- Life Cycle Design &
urrformpresse spritzgusipresse maschine Faser/Gelege herstellung Engineering Lab

01/17 Jﬁ 12/16
H

Mear Net Shape- AD-Flasmaanlage Miederdrick- Anlagentechnik
Anlage gussanlage Recycling

11/16 i 12/16

Laborpresse u. Flex. Yor- Ka anderdirektim-
Extruder kontektionierung pragnierungsanlage

06/17 03/17

04/17

[ o Higlarid LutaFactary

Fraunfufer
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Research Labs

NDT

Furnace
Room

Chem Pretreatment Micros-

Analytics

Mechnical
Testing

Ageing

Surface
Treatment

Workshop

Automation
Lab

Life Cycle Design &
Engineering Lab
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Roadmap for quality assurance and test methodology

Phase | Phase Il

2013 - 2017 2018 - 2022 Visionietes
= Development of methods for
mechanical testing of hybrid = Large scale production of high
structures quality structures based on...
.. a basic understanding of the
mechanical properties of hybrid

= Evaluation of the effects of defects
= Determination of material on material properties
properties for simulation issues

= Customized processes for quality materials
= Determination of detection assurance based on mechanical ... a fundamental knowledge of the
boundaries of non-destructive and non-destructive testing influence of loading conditions as
testlng methods for composite = Development of testing methods for yvell as |_JhyS|caI and chemical
materials interactions

adaptive manufacturing processes ) - .
.. tailored non-destructive testing

methods
.. the effect of defects

= Evaluation of basic correlations
between process parameters and
properties of hybrid structures
Standardization
= Definition of testing standards for mechanical and non-destructive testing of hybrid structures
* Qualification of manufacturing processes
Simulation
= Damage modelling under static, cyclic and dynamic loading
= Determination of effects of defects
= Modelling of adhesion phenomena
Interfaces
= Methods for characterisation of surfaces
* Basic understanding of chemical and physical interactions
= Application of test methods within the production processes
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Example: Roll forming of hybrid materials

Material supply Forming Joining Finishing
= Steel (Primer) |¢‘ Manufacturing steel "$‘ Heating CFR-TP and |$ = Straightening
= CF-PA 6 Tape profile steel = Cutting

Profile pattern A Profile pattern B
Typcal profile pattem for metals Profile pattern for FRP

Process influences: Process control:

= Climatic conditions (temperature, humidity) Recording process parameters (temperature,
Materials (moisture content PA 6, etc.) pressure, etc.)

Process (processing speed, pressure, etc.) Temperature regulation (pyrometer)

Heating (induction and IR-parameter) Optical testing

Forming stations (number, etc.) = Voids etc.
Geometry measurement

Sources: Friedrich, Henninger, Reincke

18.10.2017 Klaus Dilger, Open Hybrid LabFactory 35

[.][:] OPEN HYBRID
LABFACTORY

Der LeichtbauCampus.




Characterisation of mechanical properties of interfaces l/ll

» Floating roller peel test derived from DIN EN 1464

= Evaluation of adhesion between steel and CFR-TP

» Testing of continuously manufactured hybrid specimens
» Rigid adherend consisting of steel

= Flexible adherend consisting of CFR-TP

= Suitable for peel resistances up to 1.2 N/mm

X
o
=1

1

~
o
1

|, = 200 mm, lgpgp = 250 mm,
tcrre = 0.19 MM, t, =1 mm, b =25 mm

o
=
1

N
o
1

lcerp

E=3
E=1
1

o

-

o
1

Peel resistance [N/mm]
o
3

=3

o

2
1

o
=
=

T T T T T T T 1
25 50 75 100 125 150 175 200
Specimen [mm]

o
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Characterisation of mechanical properties of interfaces l/ll

= Climbing drum peel test derived from DIN EN 2243-3

» Evaluation of adhesion between steel and CFR-TP

» Testing of continuously manufactured hybrid specimens
» Rigid adherend consisting of steel
» Flexible adherend consisting of CFR-TP

» Suitable for peel resistances up to 16 N/mm

=k
»

FEL T LTI T
I
1 £
|

5/@ o @

- 6 7
¥ Source: DIN EN 2243-3

|, = 200 mm, lgpgp = 250 mm,
terrp = 0.19 MM, t,, =1 mm, b =25 mm
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Open Hybrid LabFactory
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